. MDA levels in the pancreas, testes, liver, and plasma of diabetic rats: The effect of snakehead (Channa striata) extract. Nusantara Bioscience 12: 50-54. There are several biomarkers of oxidative stress in diabetes mellitus; one of those biomarkers is Malondialdehyde (MDA). Increasing oxidative stress will cause increased tissue damage. This study was conducted to determine the effect of snakehead extract (SHE) on MDA level of pancreas, testes, liver, and plasma of alloxan-induced diabetic rats. There were 5 groups of treatments: non-diabetic rats/negative control (C-), diabetic rats/positive control (C+), and 3 SHE level of administration: 1 mL/day (low dose/LD), 1.6 mL/day (middle dose/MD) and 2.1 mL/day (high dose/HD). Alloxan-induced diabetic rats were administered with SHE extract orally every day for two weeks. The results showed that MDA levels in the testes, liver, pancreas, and plasma of diabetic rats administered with SHE and non-diabetic rats/negative controls (C-) were significantly lower (p <0.05) compared to MDA levels in the testes, liver, pancreas, and plasma of diabetic rats without SHE administration (positive control/C +). The highest dose of SHE treatment (2.1 mL/day) results in decreasing MDA levels were not significantly different (p> 0.05) with the group of non-diabetic rats/negative controls (C-). The conclusion of this study was increasing SHE administration up to 2.1 mL/day result in reducing more of MDA levels in plasma, pancreas, liver, and testes of diabetic rats.
INTRODUCTION
Diabetes is currently one of the biggest global health problems. The number of people with diabetes is increasing, now every 11 adults have one person with diabetes, and it is estimated that in 2040 every 10 adults will have one person with diabetes. The number of people with DM as many as 387 million in 2013 increased to 415 million in 2015 and is expected to increase to 642 million in 2046 (IDF 2015) . Hyperglycemia in diabetes mellitus causes the formation of ROS (Reactive Oxygen Species). ROS can damage cell membranes when the double bond of unsaturated fatty acids in membranes bind to oxygen free radicals into lipid peroxide (Kumar et al. 2005) . Lipid peroxidation is a chain phenomenon that results in the formation of various active compounds that cause cell damage. Increased oxidative stress will cause increased levels of tissue damage. Previous research by Wresdiati et al. (2015) showed that diabetic rats show structural damage in pancreas, liver, and testes (Wresdiati et al. 2015) . Lipid peroxide is a free radical that can be a biomarker for oxidative stress in the body. Increased MDA levels are influenced by increased ROS production, so MDA is one marker to determine the presence of oxidative stress in cells (Tiwari et al. 2013) .
According to National Fisheries data (2007) , Snakehead fish (Channa striata) is the most abundant catch with 16.23% of a total of 15 species. Besides being popular in the community, both traditionally and scientifically, Snakehead fish shows the potential to be used as medicine.
These fish are traditionally used to heal wounds (Gam et al. 2005) . The albumin extraction of Snakehead fish to produce protein (albumin) concentrate is expected to be a cheaper alternative source of albumin for clinical use (Asfar et al. 2014) . Albumin is also reported to have antioxidant activity because it has a molecule that is capable of making multiple-binding sites and has free radical-trapping properties (Roche et al. 2008) . A group (-SH) in albumin functions as a radical binder that plays a role in the cleaning process and inhibitory activities of Reactive Oxygen Species (Santoso 2009 ).
Preliminary research by Abdulgani et al. (2014) has proven that Snakehead fish extract (from now on abbreviated as SHE) has the potential to be a diabetes drug through the repair of the damaged pancreatic tissue structure. In hyperglycemic conditions, increased production of ROS that exceeds the antioxidant capacity of cells causes an increase in oxidative stress accompanied by dysfunction and damage to tissue cells (Palmeira et al. 2001; Kumar et al. 2005; Koya et al. In Forbes et al. 2008; Maslachah et al. 2008) . Malondialdehyde (MDA) is widely used as a biomarker for assessing oxidative stress in the biomedical field. Biomonitoring MDA has been used both in-vivo and in-vitro studies as a key biomarker for various patterns of disease including diabetes (Singh et al. 2014) . Malondialdehyde can be observed through the plasma, serum, and various tissues such as kidney tissue that has been reported in diabetic patients (Tiwari et al. 2013 ). Therefore, further research is needed to determine the 51 MDA levels of various organs such as pancreas, testes, hepar and plasma after SHE treatment in diabetic rat.
MATERIALS AND METHODS

Procedures
Experimental animal
Wistar strain male rats aged 2 to 3 months with a body weight between 200-250 grams as many as 25 rats divided into 5 groups (5 rats in each group) namely (negative control) (C-), (positive control) (C+), LD (lower dose supplementation), MD (mid dose supplementation), and HD (high dose supplementation). Rats were acclimatized in the laboratory for two weeks. Cages are given husk evenly, and every day is given ad libitum food and drink. Rats were fasted for 8 hours before checking blood glucose levels on days 15, 19, and 34.
Snakehead fish extract preparation
SHE production methods following several kinds of research which were conducted by Abdulgani et al. (2014) and Romadhoni et al. (2015) . The snakehead fish is cleaned (scales, gills and stomach contents are removed) then washed and cut into small pieces. The meat mashed with a blender and added a solvent with a ratio of 1: 1 (100 ml of solvent and 100 grams of fish meat). The treatment in this study used a water solvent by heating 50ºC (+ 10ºC) for 15 minutes in a vacuum extractor. The sample is then filtered.
Measurement of blood glucose
Blood glucose level measurements of rats were carried out using Accu-Check® Active glucometer. Rat blood glucose levels were measured three times, before induction (day 15), after induction of alloxan monohydrate (day 19), and after administration of SHE (day 34).
Blood glucose measurements of rats were carried out after rats fasted for 12-18 hours (Butler 1995). Blood collection is done through the mouse tail. The tail of the rat is cleaned first using 70% alcohol, followed by cutting the tip of the tail until the blood comes out from the tip of the tail. The blood that is released then drops as much as one drop on the glucose strip that has been inserted into the glucometer and waited until the blood glucose level (mg/dL) is displayed on the glucometer screen.
Diabetes mellitus induction by Alloxan
The rats were weighed to find out the initial body weight to determine the amount of alloxan monohydrate that would be induced. Induction of alloxan monohydrate is carried out intraperitoneally. The dosage of alloxan monohydrate induction refers to Oghenesuvwe (2014) which is 150 mg/kg body weight of rats, using 0.9% NaCl. The stock solution of alloxan monohydrate was carried out by dissolving 1200 mg of alloxan monohydrate (Sigma-Aldrich) in 16 ml of 0.9% NaCl. Induction of alloxan monohydrate was carried out on the 15th day, after checking the initial blood glucose level.
Induction was performed on rats in the Positive Control (C+), Low Dose (LD), Middle Dose (MD) and High Dose (HD) groups. Negative Control (C-) group of rats was only injected with pre-injection distilled water. Each rat was induced by 0.4 mL alloxan monohydrate, using a 1mL syringe intraperitoneally. First, the ventral part of the rat's body is rubbed with cotton that has been moistened with 70% alcohol to be sterile. Then the syringe that contains alloxan solution injected into the area. Checking blood glucose levels is done 48-72 hours after injection. Rat with blood glucose levels ≥ 200 mg/dL are classified as hyperglycemia (Lenzen 2007) .
Experiment design
Rats with blood glucose levels of 200-400 mg/dL and grouped in LD, MD and HD were treated with SHE orally for two weeks with the following doses:
LD group: given SHE at a dose of 1 mL/day MD group: given SHE at a dose of 1.6 mL/day HD group: given SHE at a dose of 2.1 mL/day. SHE was administered daily for 14 days, which is until the 33 rd day from day 19 th to day 33 rd . The dose of SHE given to hyperglycemic rat refers to research conducted by Abdulgani et al. (2014) .
Plasma and rat organ sampling
At the end of the experiment, the rats were sacrificed and euthanized using ketamine HCl 0.2 cc/gram. Blood collected using a 3 mL syringe. The blood is put into EDTA containing tube. Blood was centrifuged at 3000 rpm at 37°C for 15 minutes to separate plasma and the blood cell. Plasma (top layer) is used for MDA analysis. The pancreas, liver, and testes were excised, washed with 0.9% NaCl solution. Each organ is divided into two parts wherein ¼ the part was placed in Paraformaldehyde (PFA) 10% solution, and ¾ part was placed in a solution of Phosphate Buffer Saline-Azide (PBS-azide) pH 7.4. These organs will be analyzed for malonaldehyde (MDA) levels.
Malondialdehyde (MDA) measurements in the pancreas, liver, and testes of diabetic rats 0.5 gram of pancreas, liver, and testes organs are taken and put in a tissue grinder. The treatment of each organ includes several stages, including 4.5 ml cold PBS solution was added. After the organ has been mashed, the solution was centrifuged at 3000 rpm for 15 minutes. 4 ml supernatant was taken, then 1 ml of Trichloroacetic Acid (TCA) 15% solution was added. Furthermore, given 1 ml of 0.37% TBA solution in 0.25 N HCl, and then heated in a water bath at 80 o C for 15 minutes, then cooled to room temperature for 60 minutes. Then the solution was centrifuged at 3000 rpm for 15 minutes. MDA supernatant absorbance measurements were taken using a spectrophotometer with a wavelength of 532 nm. After the absorbance value is obtained, MDA levels are then calculated using the regression line equation from the standard curve of the standard MDA solution (Hermiyanti, et al. 2015) .
Malondialdehyde (MDA) plasma measurement
Blood plasma as much as 500 µL was transferred into a centrifuge tube containing 4.5 mL of cold PBS solution.
Blood plasma in PBS was added with 1 mL of 15% TCA solution, 1 mL of 0.37% TBA solution which was dissolved in 0.25 N HCl. The mixture was homogenized with vortex and then heated in a water bath at 80oC for 15 minutes. The mixture was cooled to room temperature for 60 minutes, followed by centrifugation at 3000 rpm for 15 minutes. The absorbance of supernatant for MDA determination was measured at 532 nm. After obtaining the absorbance value, MDA levels were then calculated using the regression equation from the standard MDA standard solution (Hermiyanti et al. 2015) .
Data analysis
This research is conducted using a Completely Randomized Design (CRD). Rats are divided into five groups with each group had five repetitions. Statistical analysis was performed quantitatively using one-way analysis of variance (ANOVA) and followed by Tukey's test. P-values less than 0.05 were considered significant.
RESULTS AND DISCUSSION
Result
The results in Table 1 showed that MDA levels in plasma, testis, pancreas, and liver of diabetic rats without SHE treatment (C +) were higher than plasma, testis, and pancreas of diabetic rats treated with SHE (LD, MD, and HD) and non-diabetic rats (negative control (C-)/normal rats.
Decreasing MDA level in diabetic rats treated with SHE might be caused by the antioxidant properties of SHE. The results of statistical tests using One Way ANOVA showed that the average MDA levels of plasma, liver, and pancreas in diabetic rats in all treatments of SHE (LD, MD, and HD) were significantly lower (p <0.05) than the average level of MDA in plasma, liver, and pancreas of diabetic rat (C +) without SHE treatment (Table 2 and figures 1a, 1b, 1c) . Whereas in the testes, only high dose (HD) of SHE treatment showed an average MDA level was significantly lower (p <0.05) than a diabetic rat (C +) ( figure 1d ).
Discussion
Antioxidant capacity of SHE in the diabetic rats used in this study was indicated by Malondialdehyde (MDA) concentration. MDA is a free radical produced by reactive lipid peroxidation metabolites and is commonly used as a biomarker of lipid peroxidation to determine oxidative stress (Shofia et al. 2013) . The results showed that the MDA levels of plasma, testes, liver, pancreas in diabetic rats (C +) were higher than the MDA levels of plasma, testes, liver, pancreas in the group of normal, non-diabetic rats (C-). Previous studies showed that MDA levels of alloxan-induced diabetic rats in the pancreas (Elkotby et al. 2018) , plasma, liver (Aluwong et al. 2016 ) and testes (Roy et al. 2015) were significantly higher than the control group. This shows that alloxan can trigger the formation of ROS in the plasma, testes, liver, pancreas.
Alloxan is a chemical compound synthesized by very unstable pyrimidine derivative. Alloxan works through two different mechanisms in inducing diabetes mellitus (DM), namely the mechanisms of selectively inhibiting glucoseinduced insulin secretion through special inhibition of glucose sensors in ß (glucokinase) cells, and inducing the formation of ROS (Reactive Oxygen Species) that causes selective cell necrosis of pancreatic ß cells and induces insulin resistance (Lenzen 2007) . Several studies show that experimental animals with high blood glucose levels (hyperglycemia) or humans with DM result in increased oxidative stress in several organs, including; liver (Lailatul et al. 2015) , testicles (Roy et al. 2015) and plasma (Fajrilah et al. 2013) .
MDA levels in the pancreas and testes showed a higher level compared to plasma and liver of the alloxan-induced diabetic rat. This is because Alloxan toxic glucose analogs that specifically accumulate in pancreatic beta cells via the GLUT2 glucose transporter. In the presence of intracellular thiols, especially glutathione, alloxan generates reactive oxygen species (ROS) in a cyclic redox reaction with its reduction product, dialuric acid. Autoxidation of dialuric acid generates superoxide radicals, hydrogen peroxide and, in a final iron-catalyzed reaction step, hydroxyl radicals. The hydroxyl radicals are ultimately responsible for the death of the beta cells, which have a particularly low antioxidative defense capacity, and a further state of insulin-dependent 'alloxan-induced diabetic' (Lenzen 2007) .
Glut2 glucose transporters are also found in testicular cells of rat (Kokk et al. 2004 ) Therefore, MDA levels in the testes are also higher as in the pancreas of diabetic rats. Momuat et al. (2011) stated that the MDA level in the plasma is a potential indicator of oxidative stress. Aluwong et al. (2016) showed that hyperglycemia was accompanied by increased lipid peroxidation, as proven by the significant increase of MDA concentration in the serum of untreated diabetic rats. The increase of serum MDA concentration in the untreated diabetic rats may be associated with the destruction of erythrocytic membranes and tissues, caused by the oxidative stress. Snakehead Extract (SHE) has the ability as an antioxidant due to the content of essential amino acids and fatty acids content of the meat of snakehead fish. In general, fish is an important source of antioxidant and snakehead fish is one of the main freshwater fishes which c have antioxidant activity. Its antioxidant activity of snakehead fish was contributed by the amino acids and fatty acids (Hannifa et al. 2014) . Fish produce more of lipophilic antioxidants which effectively acts against the oxidation of omega 3. The amino acids are known to have significant antioxidant properties as synergists or primary antioxidants and believed to be important metal chelates with significant potential in linoleic acid and methyl esters linoleic acid system. The in-vitro antioxidant activity of Channa sp. was higher than in other fish as seen from DPPH radical scavenging and ferric reducing power (Hannifa et al. 2014) . Narsing et al. ( 2012showed that the antioxidant capacity of snakehead fish was high with inhibition percentage of 56.7 ± 1.21%/10 mg of crude protein concentrate.
Antioxidant activity of protein is influenced by its structure, namely; molecular weight, and amino acids with free atoms (-H), including His (histidine), Trp (Tryptophan), Phe (phenylalanine)), Pro (Proline), Gly (Glycine), Lys (lycine), Ile (Isoleucine) and Val (Valine) (Zou et al., 2016) . According to Gam et al (2005) , snakehead fish has several amino acids, including; His (2,772-2,857 g/100g protein), Phe (4,734-4,854 g/100g protein), Pro (3,618-3,77 g/100g protein), Gly (4,815-5,024 g/100g protein), Lys (8.8-9.02 g/100g protein), Ile (4.77-5.03 g/100g protein) Val (4,892-5,128 g/100g protein). Furthermore, Gam et al. (2005) showed that Cys content in snakehead fish was higher (0.93-1.203 g/100g protein) compared to salmon (0.8-0.95 g/100g protein). Albumin contains high amounts of cysteine which serves free radical binding site at thiol (-SH) functional group. In addition, based on molecular weight, albumin is composed of amino acids with a molecular weight of 1300-1400 Da (Merrel et al., 2004) . Proteins composed of amino acids with a molecular weight of 1300-1400 Da can significantly increase their antioxidant activity (Huy et al., 2014) . This can be an indication that albumin has a role as an antioxidant properties but the exact mechanism of antioxidant activity of peptides is not yet fully understood (Sarmadi et al. 2010 ), Nevertheless, the previous studies have shown that peptides are able to act as; lipid peroxidation inhibitors, scavengers of free radicals and chelators of transition metal ions (Najafian et al. 2012; Zou et al. 2016) .
The average of MDA concentration in plasma, liver, pancreas, and testes of diabetic rats treated with SHE (HD, MD, and LD) was significantly lower (p <0.05) than plasma MDA concentrations in hyperglycemic rats not treated with SHE (C+). Lowering MDA levels on SHE treatment of diabetic rats indicate that SHE administration increase antioxidant capacity, therefore, reducing levels of free radicals or oxidative stress in plasma, liver, pancreas, and testicles of diabetic rat. This result was in accordance with the previous study by Abdulgani (2013) that SHE treatment resulted in better pancreatic tissue of hyperglycemic rats compared to without SHE treatment in diabetic rats. Therefore, SHE might also have the potential in restoring function/structure of blood tissue, and testes as found in the pancreas. In general, it can be stated that the higher the EIG administration, the higher the antioxidant capacity in blood plasma, pancreas, liver, and testes. This indicates that EIG also has the potential to restore function/tissue structure to normal conditions. The liver produces catalase enzyme which has antioxidant activity so that the high content of catalase in the liver reduces oxidative stress in the liver of hyperglycemic rat. As a result, MDA concentration in the liver of diabetic rat is the same as a normal rat (Kikumoto et al. 2009 ). The MDA level in liver of diabetic rat treated with SHE manifest its capacity to strengthened antioxidant activity of catalase. The conclusion of the study was the higher the level of SHE administration, the lower the level of MDA in the plasma, pancreas, liver, and testes.
